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Abstract. The decay of 2.76y/?°Sb to levels of'>Te has been studied using an HPGe de-
tector for gamma-ray and a mini orange electron spectrometer for conversion electron measure-
ments. We identify 38 transitions in this decay, including 13 gamma rays and 4 conversion electron
lines being reported for the first time. New results also include E1 multipolarity assignments to 3
newly observed transitions and-shell conversion coefficient for the 109 keV M4 transition. A

revised!?5Te level scheme is constructed using Ritz combination principle. While confirming the
existence of 10 well established levels below 700 keV excitation, we introduce 3 other levels at 402.0,
538.6 and 652.9 keV. Interpretation of the observed levels in terms of various theoretical approaches

is briefly discussed. The newly introduced 538.6 keV{)/2nd 652.9 keV (3/2) levels are seen as
the two missing members of tife, /» ® 2+) and(ds;» ® 21) sextuplet in the quasiparticle-phonon
coupling scheme.

Keywords. Radioactivity;'>>Sb beta decay; mini orange; internal conversion coefficients; multipo-
larity; 1?5 Te level scheme.

PACS Nos 23.20.Lv; 23.20.Nx; 27.60.+j

1. Introduction

Level scheme of the near-magic nuclidg Te;; has been extensively investigated over the
past fifty years using a wide variety of experimental techniques [1,2]. Low-energy excita-
tion spectrum of this nucleus is mainly governed by neutrons in the half-filleg 65 — 82
configuration spaces(,,ds/», hi1/, Orbitals) and, at medium energies, the core exci-
tations from theg;,,,d;, filled orbitals. Detailed information on the level structures
upto excitation energy of 700 keV has been sought through gamma-ray and conversion
electron spectroscopy following beta decay of the long-livgdy(= 2.76y) source?°Sh
[3-22]. Supporting information, albeit with lesser precision, over this region has come
from a variety of other techniques [1,2,23—-28], elé’| EC decay, radiative neutron cap-
ture, Coulomb excitation,a, zn~y) in-beam experiments, particle transfer reaction stud-
ies etc. Several theoretical approaches [13,21,28-34], e.g., many-particle shell model,
guasiparticle-phonon coupling (QPC) model, interacting boson—fermion model (IBFM)
etc., have been pursued to interpret the observed data. However, in spite of these long-
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continued investigations, a number of open questions still persist even in the low-energy
spectrum. The significant questions, which need to be addressed to, include (i) search for
certain expected (from reaction data or from model considerations) levels which are as
yet unobserved in decay studies; (ii) careful spectroscopic investigations to examine the
evidence for unconfirmed or disputed levels; (iii) particular attention to identify relatively
weaker transitions; (iv) a focussed study of the high-multipole (M4) transitiol?iSb

decay process, and (v) an exhaustive and careful study of the conversion electron spectra
to clear the reported uncertainties. These questions are described more specifically in the
following paragraphs.

A low-lying 1/27 state, expected from systematics and also from theoretical considera-
tions, is indicated around 538 keV from single-particle transfer reaction studies [27], but it
still remains unobserved in decay or any other studies [1,13]. Also, the possible existence
of 402 keV and 653 keV levels, tentatively proposed in early decay studies [4-6,9], was
not confirmed in later experiments [1]. One of the main reasons for the situation is the
fact that the beta-decaying sourc@Sh is one of the internationally adopted gamma-ray
energy and intensity standards for calibration of Ge detectors [2,19,35] and, more recently,
also as an analytical instrumentation standard in fuel reprocessing [20]. This factor has
caused major attention to be focussed mainly on relatively stronger transitions in this de-
cay, whereas confirmation of the disputed levels requires focus on the weaker transitions.
The 11/2~ isomer decays by a high-multipole M4 transition; however, as given in the
nuclear data sheets [1] data sets, this M4 transition does not appear in several reports of
spectroscopic studies following®Sb decay. In our study, we aim to pay special attention
to this transition as well.

A close look at the earlier conversion electron measurements [4,6,7,11,22] also reveals
a similar situation. Mazets and Sergeenkov [7], using a high resolution prismstype
spectrometer, obtained data for0and &.-conversion lines and deduced multipolarities
for 10 transitions, based on relative intensiti&S, L ratios andL-subshell ratios. Other
earlier [4,6] as well as later [11,22] reports include results for barely half this number. Fur-
ther, Goswamygt al[22], in a recent study with a mini-orange electron spectrometer aimed
at ‘standardization of a few commonly available radioisotopes as conversion electron cal-
ibration sources’, remarked that the conversion electron intensity results of Mazets and
Sergeenkov [7] ‘have significantly large uncertainties even for strong conversion lines’.
Accordingly, a careful reinvestigation of the complete conversion electron spectrum of
1255p decay is called for.

In the present study we address these questions through precision measurements of
gamma-ray energies and relative intensities using a HPGe detector and similar measure-
ments for conversion electrons frol#% Sbh decay using a mini-orange electron spectrom-
eter. In§2, we briefly describe the experimental set-up, which is essentially the same as
employed in our earlier study df”"Nd decay [36]. Section 3 includes the results of our
measurements and the deducétiTe level scheme, along with a brief discussion of its
interpretation in terms of various theoretical approaches. Summary and conclusions of our
study are given in the final section. Some of these results have been briefly reported earlier
[37,38].

2. Experimental procedure

The carrier-free sample of the radioactive soutt&sh prepared by thermal neutron irra-
diation of 125Sn, was obtained from Bhabha Atomic Research Centre, Mumbai, in liquid
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form as antimony chloride in dilute HCI solution. TH& Sb source was allowed to de-

cay for about 8 months, mainly to achieve two purposes. (i) It purified the source of any
short-lived impurities and (ii) it allowed the 1172144 keV isomeric level in?°Te, with

a half life of 58 days, to be reasonably well populated with a view to properly investigate
its 109 keV high multipole (M4) decay transition. Sources required for acquiring spectra
were prepared by drying the source solution on aluminised mylar foils supported by thin
aluminum discs of 1.0 cm diameter. The count rate was kept at around 500 counts/sec.
Sources required for conversion electron spectroscopy were specially made very thin to
avoid backscattering and absorption of the electrons in the source.

Singles gamma spectra were recorded with a 60 cc HPGe detector (FWHM = 665 eV
at 5.9 keV {°Fe) and 1.80 keV at 1.33 MeV¥{Co)) coupled to a 4K PC based multi-
channel analyser. Gamma singles spectra were acquired at a source-detector distance of
25cm. Counting period lasted on an average.6fx 10° seconds per spectrum. Effi-
ciency calibration for the HPGe detector was done using standard radioactive sources. The
low energy 19.80 keV spectrum was acquired using a Si(Li) detector (FWHM =190 eV at
5.9keV (°Fe)). The gamma ray peaks were analysed using the computer code FIT [39].

The conversion electron measurements employed a mini-orange spectrometer compris-
ing of (i) a windowless Si(Li) detector (surface area = 78 misensitive depth = 5.3 mm,
FWHM =1 keV at 115 keV and 2.3 keV &R4.5 keV), and (ii) a mini-orange filter com-
posed of nine thin wedge-shaped permanent magnets fixed in an orange array in a circular
brass frame of 16.2 cm diameter, with a central absorber made of lead to prevent direct ex-
posure of the Si(Li) to photons from the source. A clean vacuum of about htbar was
maintained. The transmission curve was optimized usifijBa source for the best trans-
mission over the electron energies from 40 keV to 800 keV at a source-to-magnet distance
of 7.5 cm and a magnet-to-detector distance of 4.5 cm. Optimization for the low-energy
(10-100 keV) region was done by using*Gd source.

Our determination of internal conversion coefficients (ICC’s) employs normalized-peak-
to-gamma (NPG) method using the relative conversion electron and gamma-ray intensities
normalized via the conversion coefficient of the intense 428 keV transition. The multipo-
larities of various transitions were derived from comparison of our data with the tables of
Hager and Seltzer [40].

3. Results and discussion

Now we present the results of our gamma-ray and conversion electron measurements and
discuss the placement of the observed transitions in a revised level schém&eaf

3.1 Gamma-ray and conversion-electron transitions

Our typical gamma spectra are shown in figures 1la—g. We employ the ‘comparison with
benchmark’ test to establish the credibility of our identification of as-yet unconfirmed
weaker transitions and their precise energies. The most recent (IAEA-1995) energy cal-
ibration standards [2,35] are compared with our results in table 1a; a similar comparison
with the 8 additional transitions included in the ‘standardization’ analysis of Helmer [19] is
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Figure 1(a—g). Single~y-ray spectra observed following tifedecay of->®Sb recorded
by a 60 cc. HPGe detector. The peaks labelled BKG arise from other sources.

Table 1. Comparison of our (SVS) measured gamma energies with
(a) the corresponding values for the transitions adopted as interna-
tional (IAEA-95) gamma energy calibration standards [35] and (b) other
gamma energies precisely determined in ‘standardization’ studies by
Helmer-90 [19] in the decay df®Sb. Numbers within the parenthe-
ses denote the uncertainties in the last digit(s).

Gamma energies (keV)

Svs (a) IAEA - 95 Svs (b) Helmer-90
176.308(2) 176.314(2) 35.489(4) 35.489(5)
380.454(8) 380.454(8) 172.708(7) 172.719(8)
427.880(5) 427.874(4) 198.631(14) 198.654(11)
463.368(4) 463.365(4) 204.144(8) 204.139(8)
600.589(3) 600.597(2) 208.074(10) 208.079(4)
606.700(2) 606.713(2) 227.876(10) 227.891(10)
635.951(3) 635.950(3) 408.069(12) 408.065(10)
671.445(6) 671.441(6) 443.565(7) 443.554(9)

*Taken from ref. [19].

presented in table 1b. It is seen that almost in all cases the deviations are comparable to the
assigned uncertainties; the average deviation for the 16 transition energies is less than 8 eV.
This excellent agreement of our measured gamma energies and the adopted ‘benchmark’
values in the IAEA calibration standard tables and other similar standardization measure-
ments provides us with a firm basis for the identification of new transitions and also for the
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Table 2. Gamma energies and relative gamma intensities of the transitions observed
in decay of!2°Sb are listed in comparison with earlier reports. The earlier reports
include Longo-90 [18], Helmer-90 [19], Fawwaz-93 [21] and NDS-93 [1]. Our results
are under the heading SVS. The last column lists the rounded off level energies and
assigned spin-parities of the initial and final levels in each case.

Iy

E, (keV) Longo-90 Helmer-90 Fawwaz-93 NDS-93 SIS E;(IT) —>Ef(I;;)

19.80(6) 0.068(3) 0.072(6) 0.068(2)  0.068(3)  463{5/2» 444(3/2")

35.489(4)  14.53(35) 14.79(8) 14.5(4) 17.7(2) 3613/2— 0(1/2+)

58.43(5§2) 0.093(2) 0.091(4) 0.0042(20)

61.85(16) 0.0068(27) 525(713 —463(5/2+)

81.02(4) 0.017(1)  402(71) —321(9/2°)
109.28(4) 0.233(5) 0.235(16)  0.274(9)  0.232(6)  145(1)/236(3/2+)
110.85(9) 0.0036(6) 0.0036(2) 0.0039(3)  636(72+525(7/2")
116.956(10) 1.03(4)  0.867(24) 0.885(5) 0.961(5)  0.945(15)  64Pf#e525(7/2°)
132.81(14) 0.0029(19) 672(512 —539(1/2")

172.708(8)  0.75(5) 0.659(11) 0.72(4) 0.67(4) 0.67(4) 636(y/2463(5/2+)
176.308(2)  23.06(14) 22.96(24) 23.65(34)  23.05(8)  23.09(20)  321)9/2145(11/2)

178.814(7)  0.110(9) 0.099(6) 0.097(8)  0.121(2)  642(}/2>463(5/2")
198.631(14)  0.054(11) 0.046(9) 0.046(5)  0.044(3)  642(V/2444(3/2")
204.144(8)  1.105(11) 1.080(23) 1.19(5) 1.102(8)  1.014(10) 525§#2321(9/2°)
208.074(10) 0.808(9) 0.825(16)  0.89(4) 0.814(11) 0.860(10)  672)5/2463(5/2")
209.32(9) 0.152(9) 688  —444(3/2)
227.876(10) 0.437(8) 0.443(23) 0.465(25)  0.440(7)  0.442(9)  672)5/2444(3/2")
314.99(11)  0.0138(9) 0.0132(14) 0.0144(15) 636t}/2>321(9/2°)
321.101(2) 1.40(2)  1.41(3) 1.45(5) 1.387(9)  1.43(2) 6424(712321(9/27)
331.82(6) 0.0085(8) 638  —321(9/2°)
366.56(11) 0.027(2)  402(7t) —36(3/2+)
380.454(8) 5.13(4)  5.14(5) 5.09(3) 5.12(4) 5.17(4) 525(/2>145(11/Z°)
401.95(12) 0.021(2)  402(713 —0(1/2%)
408.069(12) 0.611(12) 0.630(19) 0.59(2) 0.621(10) 0.624(7)  444{3/236(3/2")
427.880(5) 100 100 100 100 100 463(5§2-+36(3/2")
443565(7) 1.03(2)  1.019(29) 1.03(1) 1.019(11) 1.051(11)  44#§3/20(1/2+)
463.368(4)  35.47(5) 35.07(28) 35.64(10) 35.45(5)  35.12(18)  46B]5/20(1/2")
489.73(8) 0.0046(23) 525(713 —36(3/2F)
491.29(14) 0.016(8)  636(713 —145(11/2°)
497.41(14)  0.013(2) 0.018(3) 0.029(13) 0.009(1)  64Z(J/2145(11/Z°)
503.10(6) 0.013(6)  539(119 —36(3/2")
538.62(12) 0.0047(25) 539(13 —0(1/2+)

600.589(3)  60.36(11) 59.09(45) 59.70(10) 60.35(17) 59.22(18)  636(ZAB36(3/2)
606.700(2)  17.03(3) 16.70(14) 16.98(7)  16.98(7)  16.92(6)  642[7/236(3/2)

617.40(14) 0.018(2) 653  —36(3/2M)
635.951(3)  38.36(15) 35.72(30) 38.78(32)  38.2(3) 38.32(12)  672[5/236(3/2h)
652.8(4) 0.009(3) 658  —0(1/2h)

671.445(6) 6.06(2)  6.05(6) 597(11)  6.06(2) 6.03(2) 672(5/2:0(1/27)

(2) Not placed in the level scheme.
(®)The spin-parity of the 653 keV level could be (3/2,8/2ith the 3/2" assignmentavoured from model
considerations discussed in the text.

use of our measured gamma energies to arrive at a revised level schelfiglthrough
application of Ritz combination principle.
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A complete listing of the energies and the relative intensities of the 38 gamma transi-
tions, observed in our study and shown in figures la—g, is given in table 2. In addition
to a comparison of our (SVS) intensity values with NDS-93 [1] and Helmer [19], we also
include the results from a post-NDS-93 HPGe study by Fawwaz and Stewart [21] and the
comprehensive report by Longoria-Gandatal [18]; the latter report includes a tabula-
tion of the relative intensities given by seven other pre-1990 investigators. In accordance
with the usual convention, the gamma intensities in table 2 are quoted relative to the in-
tense 427.88 keV (assuméd = 100) transition. We do not see the 146 keV transition
reported in a number of earlier studies [13,18]. On the other hand, we observe 13 gamma
transitions not given in NDS-93 or any other report included in table 2; a few of these
additional gammas had earlier been tentatively suggested [4-6,15], but they do not appear
in the evaluated data set of NDS-93. The last column in table 2 gives the placement of
each transition betweel®Te levels, as discussed later in this section. Only one gamma
transition (58.43 keV), out of the 38 gammas listed in table 2, has not been placed in the
125Te |evel scheme.

Typical conversion electron spectra from our study are shown in figures 2a—c. Conver-
sion electron intensities and internal conversion coefficients, determined by combining the
I.. with I, of table 2, are listed in table 3 for thi€-shell and in table 4 for thé-shell
lines, in comparison with the corresponding values from the earlier reports. As mentioned
in the preceding section, we employ the NPG method for determining the conversion coef-
ficients, using the 427.88 keV transition as the standard for normalization with the adopted
value ofa g (427) = 0.0111(4) and its M1-E2 mixing ratio ofé| = 0.538(11) [1]. The
multipolarity of each transition is then deduced from a comparison ofiquivalues with
the theoretical predictions for possible multipole transitions interpolated from the tables of
Hager and Seltzer [40]. A determination of theshell ICC for the 35.5 keV transition
is difficult due to low energy# 4 keV) of the K-electrons; in view of this constraint,
multipolarity of the 35.5 keV transition has been deduced from a comparison of the
values. Another feature of our experiment, as mentioned in the preceding section, is to
ensure that the 144 keV 1I/Zsomeric state is reasonably well-populated with a view to
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Figure 2(a—c). Internal conversion spectra following tifedecay of ?°Sb taken with
mini orange spectrometer.

establish the properties of the 109 keV high-multipole (M4) transition. As seen in figure
2a, we not only have distinct 109 kel and L lines but theM -line is also clearly seen

in our electron spectrum. Our value®f; = 22.4(18) compares well with the theoretical
value of 24 for an M4 transition from Hager and Seltzer tables [40]. This M4 transition is
discussed in more detail in another publication [37].

3.2 Revised?* Te level scheme

Using the precisely determined transition energies as input data for application of the
Ritz combination principle, we now proceed to construct th&Te level scheme. The
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Table 3. K-conversion electron data from the decay 6fSb. The respective columns
from the left list the transition energies A% Te, relative K-conversion electron in-
tensities determined by Mazets and Sergeenkov [7], Goswetnay [22], and in the
present experiment (labelled SVS), the internal conversion coefficigat&§om the
nuclear data sheets NDS-93 [1], Fawwaz and Stewart [21] and SVS, and our deduced
multipolarities in comparison with the adopted multipolarities in NDS-93 [1].

Ice (K) ICC (ak) Multipolarity

E. (keV) Mazets  Goswamy SVS NDS-93 Fawwaz SVS NDS-93  SVS
81.02(4) 0.70(15) 0.45(10) El
109.28(4) 3514(168) 169(?) 166(11) M4 M4
110.85(9)  10(3)) 0.34(6) 0.96(19) (E1)
116.956(10) 6.2(7) 6.4(8) 0.074(9) 0.075(15)  0.075(10) (E1) E1
172.708(8)  5.4(5) 5.5(8) 0.092(11)  0.080(15) 0.091(14) MI1+E2 MI1+E2
176.308(2)  260(15) 297(15)  0.129(10) 0.142(9) M1+E2 MI1+E2
178.814(7)  2.0(5) 1.3(2) 0.24(6) 0.215(65)  0.12(2) M1+E2
204.144(8) 7.8(4) 9.7(6) 0.081(6) 0.105(8) M1+E2 MI1+E2
208.074(10) 6.5(4) 6.1(4) 0.092(5) 0.078(14)  0.078(6) M1+E2 MI1+E2
227.876(10) 3.3(5) 4.0(2) 0.086(14)  0.075(17) 0.099(7) (M1+E2) M1+E2
314.99(11) - 0.051(9) 0.039(8) (E1)
321.101(2) 1.3(4) 1.34(8)  0.011(3) 0.0095(30) 0.0103(7) E1 E1
380.454(8) 6.1(6)  6.2(6) 6.5(3) 0.0138(8) 0.0138(8) (E2) E2
408.069(12) 0.9(2) 0.55(6)  0.92(6)  0.0107(19) 0.016(4)  0.0164(11) MI+E2 MI1+E2
427.880(5) 100 100 100 0.0111(18) 0.011(2) 0.0111(4) MI+E2 MI+E2
443.565(7) 1.2(3)  0.9(2) 0.99(7)  0.014(7) 0.012(4)  0.0104(9) MI1+E2 MI1+E2
463.368(4) 26.7(10) 26.9(10) 0.00864()  0.0086(2) 0.0084(4) E2 E2
600.589(3) 21.7(4) 22.2(10)  0.00425(10) 0.0040(6) 0.0042(2) E2 E2
606.700(2) 5.6(5) 5.6(3) 5.8(3) 0.0037(3)  0.0035(7) 0.0038(2) E2 E2
635.951(3) 13.3(7) 14.5(6) 14.6(7)  0.0042(2)  0.0036(6) 0.0042(3) MI+E2 MI1+E2
671.445(6) 1.7(3) 1.82(10) 0.0032(3)  0.0030(7) 0.0033(2) E2 E2

(®The ICC for the 109 keV transition has not been listed under data'fftb decay in NDS-93 [1].
(® A part of the indicated intensity could be due to the 109 Ké\tonversion line.

transition multipolarities, deduced by combining the gamma and the conversion elec-
tron data, are used to confirm the spin-parity assignments to the respective levels. Well-
established undisputed features of this level scheme, as seen in the latest nuclear data sheets
(NDS-93) [1], are used as cross-checks in our procedure. Application of the energy sum
rule in different loops leads us to the proper placement of the observed transitions and to
an evaluation of the level energies in the thus constructed level scheme. The results of this
exercise are shown in figure 3 which incorporates 37, out of a total of 38, observed tran-
sitions in comparison with the 23 gammas placed in the adopted level scheme of NDS-93
[1]. In common with NDS-93, the 58 keV gamma is not placed in this level scheme. The
693 keV and the 729.8 keV gammas, listed but not placed in NDS-93, lie beyond our range
of observation, which is limited by the use of 4K multichannel analyser.

All the 7 positive-parity and the 3 negative-parity levels in the adopted scheme of NDS-
93 appear in our level scheme with the excitation energy and the spin-parity assignment
agreeing in each case. Our level scheme includes 3 additional levels with excitation ener-
gies 402.03, 538.61 and 652.87 keV; 10 out of the 13 new gammas identified by us pertain
to these levels. Further, we deduce E1 multipolarity for the 81 keV, 111 keV and 315 keV

Pramana — J. Phys.Vol. 53, No. 2, August 1999
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Table 4. L-shell conversion electron data from the decay'¥fSh. Our measured
intensities (SVS) are compared with earlier results from Mazets and Sergeenkov [7]
and Goswamyt al [22]. The last column gives values af, derived from our data.

lee(L)
E, (keV) Mazets Goswamy SVS IC@&()
35.489(4) 2264(160) 1.4(®
109.28(4) 2450(128) 116(8)
176.308(2) 43(1) 45(3) 0.021(2)
380.454(8) 1.02(2) 1.0(2) 0.92(7) 0.00196(17)
427.880(5) 14.0(7) 12.3(5) 15.6(6) 0.00172(9)
463.368(4) 3.8(3) 3.5(2) 3.7(2) 0.00116(7)
600.589(3) 3.2(4) 2.7(2) 3.1(2) 0.00058(4)
606.700(2) 0.9(2) 1.00(8) 0.00065(6)
635.951(3) 1.8(2) 1.73(7) 2.02(13) 0.00058(4)
(®We determine multipolarity of the 35.489 keV transition to be M1+E2 based on this
ar, value.
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Figure 3. Level scheme of**Te deduced from the gamma and conversion electron
spectra measurements followih Sb beta decay. The labelling on the left is that of
the level spin and its parity, while that on the right is level energy (in keV) deduced
from the transition energies listed in table 2 and the energy sum rule at each level.

transitions which had no assigned multipolarity in earlier studies. Also, the 179 keV tran-
sition is newly assigned the (MAE2) multipolarity. In the following sections, we discuss
the basis of the three newly-introduced levels.
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538 keV1/2T Level: Consideration of the level systematics of neighboring odd-A Te iso-
topes, and also of the predictions of the coupling schemes applicable to these nuclei, leads
one to expect a low-lying 1/2 level in '25Te. Based on systematics, Walters and Meyer
[13] placed this level at approximately 560 keV and accordingly searched the Compton
suppression spectra in the 515-535 keV region to look for its decay gamma-ray to the 35
keV level; no positive evidence for any 1f2evel at (560 10) keV could result from this
search. Later, the single-particle transfer reaction studies of Rodtasid27] indicated

a tentativel = 0 peak at (538t 5) keV in the'26Te (d, t) spectrum. Guided by this ob-
servation, we focussed our attention on the related energy region and identified three new
gamma rays with energies 132.81, 503.10 and 538.62 keV leading to the following energy
loops:

(i) The 671.44 (5/2) level decays by a 132.81 keV gamma yielding the daughter at
538.63 keV.

(i) The decay gamma of 503.10 keV from the new level to 35.49 keV {3/Zelds a
level energy of 538.59 keV

(i) The decay gamma of 538.62 keV to thg2 * ground state gives the level energy of
538.62 keV.

In view of these results, and tHe= 0 character fron{d, ¢) study [27], we introduce the
538.61 keV 1/Z level in our level scheme of figure 3.

653 keV(3/2,5/2)* Level: Very early (1958) high-resolution spectrometer measurements

of 125Sh decay by Narcisi [4] had introduced two levels at 640 keV and 652 ke¥ife
between the already established levels at 633 keV and 668 keV; this proposal was supported
by Mannet al [6], who suggested™ = 5/2% or 3/2~ for the 652 keV level based ang

with ‘wide error limits’. Mazets and Sergeenkov [7] were unable to detect a transition

in the vicinity of 652 keV and remarked that ‘tH€-conversion line of such a transition
would have been detected if its intensity exceeded 0.1% of that dfth27.95 line’. No

further mention of this level is made in any later study. Within our framework of looking
for weak transitions with precise energy measurements, we search for the evidence of a
level in 125 Te in the vicinity of 652 keV. We identify 4 new gammas in our spectrum with
energies of 652.8 keV, 617.40 keV, 331.82 keV and 209.32 keV. These gammas have been
placed in our level scheme of figure 3 as decay transitions from the newly introduced level
at 652.87 keV respectively to the 2ground state, 35.49 keV 312 321.07 keV 9/Z

and 443.56 keV 3/2 levels. All the four energy loops add up to the same summed energy,
justifying their placement. However, none of these transitions could be assigned a specific
multipolarity in the absence of any conversion line seen in our experiment. Thus, the spin-
parity assignment for this level may be 3/2r 5/2%; level systematics in the neighbouring
isotopes and theoretical considerations discussed later support aggynment.

402 keV7 /2" Level: Chandra and Pandharipande [5], in their gamma—gamma coincidence
experiment, observed a 80-123 keV gamma ray cascade which was tentatively suggested
to correspond to the 524 ke{\r/2,9/2)~ 2% 401 keV (?) 2% 321 keV 9/2- decay
sequence in2°Te. Mannet al [6] could not verify this suggestion since ‘these transitions

lie in the regions that we cannot examine with any confidence’. Mazets and Sergeenkov
[7], however, placed this cascade in 625 22, 443 123 321 sequence, thus negating the
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existence of a level at 401 keV; this interpretation was also supported by Inamura [9]. On
the other hand, Prasad [15] observed the 122-402 keV coincidence in the 525 keV sum
gated coincidence spectrum and also the 122—-366 keV coincidence in the 489 keV sum
coincidence spectrum, thus establishing the 402 keV level with the 81 keV, 366 keV and
402 keV decay transitions respectively to the 321 keV (9/235.5 keV (3/2) and the
ground state (1/2) levels. None of these transitions have since been confirmed, nor do
they appear in the NDS-93 adopted gammas. Our careful investigation of weak transitions
identifies all three gamma rays, although we could not unambiguously see the 122 keV
transition. Our energy sum-rule approach thus supports a level at 402.03 keV with these 3
decay gammas. Further, we also observeitheonversion line for the 81 keV transition.

Our evaluation ofx g for this line leads to an E1 character for the 81 keV transition and
thus a possiblé™ = 7/2% assignment for the 402 keV level ii° Te.

3.3 Level systematics and model description

The near-magi¢Z = 52) Te isotopes withA = 117 — 134 correspond to the complete
sequence oV = 65 — 82 nuclei which span thes, >, ds /2, h11/2) configuration space
beyond theV = 64 sub-shell closure. The three lowest energy levels (all below 400 keV)
are observed to have spin-parity = 1/2%,3/2%,11/2~ in each one of the 9 odd-mass
isotopes; thed 1/2~ state occurs as a long-lived isomer in each case corresponding to the
odd-particle occupying the unique parity; /> orbital. The nuclidé *>Te under discussion

lies exactly half-way across this domain. With a view to discuss the level systematics,
we present in figure 4 the observed levels, with specified spin-parity and upto 1 MeV
excitation, for the two stablé?3Te and!?Te isotopes and another neighbour on either
side. The positive and the negative parity levels are shown respectively in figure 4a and
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Figure 4(a, b). Experimental energy levels upto 1 MeV with assigned or indicated
spin values in odd4 Te isotopes wittd = 121, 123, 125, 127 for positive-parity levels

in figure 4a and for the negative parity levels in figure 4b. In figure 4a, levels with
uncertain spin values (312 5/2), indicated from particle-transfer reaction studies or
other arguments, are shown as____ and levels with] = 7/2 are shown by wavy
lines. The data is taken from the latest nuclear data sheets as compiled in the 1996
Table of Isotopes [2] supplemented by our results'f8e. In figure 4b, the level
diagram is built on the 1172isomer whose excitation energy (in keV) is shown below
the level (in italics) for each isotope; the corresponding ground state is shown lower
at appropriate energy for each isotope. The relative energies (in keV), indicated above
each level, are with respect to the 11/Bomer energy taken as zero keV. The levels
with | = 15/2 are shown by wavy lines. The quadrupole phonon energy, corresponding
to the lowest 2 excitation energy (in keV) in the neighbouring evdrife isotope, is
shown by the symbob in this figure and labelled in italics. We do not include in this
figure levels with other spins, e.g. 13/2, 5/2, 3/2 etc., scattered around the quadrupole
phonon energy.

figure 4b. The listed data are mainly taken from the adopted sets of the latest nuclear data
sheets, as compiled in the 1996 Table of Isotopes [2], supplemented by our results and
some other recent data [28].

First, we look at the systematics of positive parity states in figure 4a in the context of
the 3 newly introduced levels, namely 402.0 keV 7/538.6 keV 1/Z, and 652.9 keV
(3/2+, 5/2%) in 125Te from our study. We find in figure 4a a low-lying 7/2evel both in
121Te (443 keV) and?3Te (490 keV); also a 7/2 level has been identified below 400 keV
both in " Te and'™®Te, and around 455 keV ik¥? Te. Taken together with our result, a
low-lying 7/2* level at (406:100) keV has been identified in all the oddTe isotopes
with A = 117 — 129, excepting inA = 127. Also, the 539 keV 1/2 level introduced by
us in'25Te fits in perfectly with the corresponding data for other isotopes. A trio of levels
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with I™ = 3/2%,5/2% 7/2% is seen above the 1¥2evel in all the 4 isotopes in figure 4a,
supporting the existence of 653 keV leveliff Te. It is of interest to note that, although

there is almost a one-to-one correspondence in the observed level patterns of the 4 isotopes
in figure 4a strongly supporting the occurrence of the 3 newly introduced levéfs Tie,

the observed level spectrum 5P Te is seen to be considerably compressed in relation to

its neighbours.

Turning our attention to the model description of the observed positive parity spectra, we
note that the earliest attempt in this direction was the collective excitation model of deShalit
[29]; in this picture, the excited states in the oddiucleus are generated by coupling the
odd-particle (retained in the ground state) to the various excited states of the even—even
core. Although the observed 443.6 keV 3/2nd the 463 keV 5/2 doublet may be con-
sidered to arise from the coupling of the 1/ground state neutron to the"Zquadrupole)
phonon of the core, the decay properties of these states do not agree with the predictions of
the simple deShalit model. Kisslinger and Sorensen [30] investigated the spectra of odd-
A spherical nuclei using the pairing-plus-quadrupole (PPQ) residual interaction in their
guasiparticle formalism. However, as discussed by Walters and Myer [13], this approach
had only a limited success even with the modification through permitting more higher vib-
rational components to mix into the lower-lying states. Extensive effort has been put in
by several investigators [13,26,32—34] to understand these spectra using the quasiparticle—
phonon coupling (QPC) model. In the QPC formalism 2Hestate in the even-mass neigh-
bour is taken as the quadrupole phonon which couples te theandds,, quasiparticles
leading to a doublets; /, ® 27)3/2+ 5/2+ and a quartetds/, ® 27); o+ 3/2+ 5/2+ 7/2+
Further, the core excitation process results in the appearange0éndd;,, hole states
(with I™ = 7/2% and5/2" respectively) in the medium energy spectrum. Prior to the
present study, only 5 out of these 8 expected states had been identified. Our experimental
identification of the 539 keM /2T and the 653 keVJ/2™") provides the missing states
in the QPC picture. The newly added 133 keV gamma-ray, interconnecting the 672 keV
5/2t and the 539 keV 1/2 states, supports their QPC multiplet relationship. The observed
decay patterns of the two 5f2states, as well as of the two higher 8/8tates in figure 3,
point to the admixture of these states arising respectively from the doublet and the quartet
indicated earlier. The 5/2 state with thels,, hole configuration as its main component
is not seen in this energy range. Detailed theoretical analysis of the spectroscopic data
for odd-A Te isotopes by Sen [32] employed QPC formalism while incorporating both
pairing effects and anharmonicity in the core vibrations. More recently, the Brasil group
[33,34] have carried out similar calculations in the QPC and in the number-projected QPC
formalism for the energy spectra and spectroscopic factors. Their calculations for Te iso-
topes withA = 115 — 131, ‘using a parametrization taken from experimental data and
from earlier calculations, without any adjustable parameter’ provided only qualitative de-
scription leading to their concluding remark that the ‘model can be considered as a good
starting point for further theoretical calculations’. In their calculations, the lowest &2
placed around 140 keV (observed at 35 keV) and the 11¢Bmer is predicted around 300
keV (observed at 144 keV); all other predicted positions also considerably overshoot the
experiment. The observed compression of tf&Te spectrum relative to its neighbours,
pointed out earlier and also evident in figure 4a, remains the main stumbling block in any
guantitative theoretical description.

Another significant approach for describing these positive parity states is the interact-
ing boson—fermion model (IBFM). Fawwaz and Stewart [21] sought to describ&tfie
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spectrum in the IBFM by considering the coupling of a single fermion (neutron hole) to the
126Te even—even core composed of five bosons. Considering the 4 positive parity orbitals,
namelys, >, ds/2,ds /> andgz 2, they carried out successively one-, two-, three- and four-
level calculations to conclude that their 3-level calculations ‘agree best with observations’.
Their calculated 3-level spectrum consists of three bands, the ground state band with 1/2,
3/2,7/2, 512 sequence, a 3/2, 5/2, 7/2 sequence and the third band with 1/2, 3/2 sequence.
Slightly varying the occupation probabilities, Fawwaz and Stewart [21] claimed a better
fit with their (3b) calculations; in this set, they placed the1/2vel at 670 keV whereas

the presently known location of 172is 539 keV; other band levels were predicted to lie
above 700 keV. Our experimental results on the three new levels point to the preference for
their (3a) calculations in so far as their predicted trig®f2 +,7/2%,5/27) levels around
(430+ 30) keV matches the experimentally observed trio of 402 ket 7443 keV 3/2

and 463 keV 5/2 levels from our study. However their higher levels again are too high to
agree with the experiment. For instance the second @predicted to lie around 800 keV,
compared with the observed location around 640 keV.

Level systematics for the low-lying negative parity states is shown in figure 4b; in this
figure we have indicated the level energies above each line relative to the isbither
(scaled ag, = 0 with the isomer excitation energy, relative to the respective ground state
shown lower), is listed in italics below the respective lines. The levels included in this
figure are only those with spins 7/2, 9/2, 11/2 and 15/2 upto the relative excitation energy
of around 800 keV. Also, we indicate in this figure, by a sympol the experimental
excitation energy of the lowestt2state in the even—even neighbouring Te isotope. As
mentioned earlier;, /, is the only negative parity orbital embedded in fiie= 51 — 82
domain which appears as a long-lived 11/&somer in all oddA nuclei. In the QPC
picture, we expectll/2~ ® 27)7/2.9/2,11/2,13/2,15/2 quintuplet located around thet2
phonon energy. As seen in figure 4b, experiments revdal/a— in all cases ford =
117 — 125 and also forA = 129 isotopes very close to the quadrupole phonon energy; a
13/2~ and also the second (not the lowest) excit¢d~ is also seen [28] in the expected
energy range in a few isotopes. However, an unexpectedly low-lying (320-470@k2V)
is observed in all the Te isotopes with = 117 — 129. The experiments also reveal
the lowestr /2~ excitation energy (relative to the isomer) rising almost smoothly from 240
keV in119Te to 700 keV in'3' Te. The occurrence of these low-lyig2 — and7/2~ states
cannot be understood in the simple QPC picture. Sen [32] tried, albeit unsuccessfully, to
explain this phenomenon by introducing a dipole—dipole term in the Hamiltonian. The
extraordinary lowering of = j — 1 states and = j — 2 states, wherg is a unique parity
orbital, could be understood through cluster model calculations [31] which incorporate
dressedqp and5gp clusters. In this picture, discussed in detail by Rodleiral [27], these
so-called anomalous coupling (AC) states are regarded as manifestat@ypsad5qp
modes which, under the special shell structure conditions, may be regarded as ‘elementary
modes’, breaking the QPC picture. Accordingly, the 321 keV 9¢Pate is'2°Te is viewed
as 3gp configuration. Additional support for this interpretation comes fromg#actor
measurements [13]. The low-lying2 ~ states in?3Te and!?°Te respectively correspond
to five particles and five holes in tlig , /» shell. As remarked by Bondarenkt al [28]
recently, in the context of their detailed study of negative parity staté®’ife and'?*Te
using radiative neutron capture, such ‘anti-aligned’ members With< 11/2~ of the
hi1/, family are anomalously compressed in energy with respect to the aligiied>
11/27) states. This anomalous descent of anti-aligned states, ‘observed as a common
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feature of transitional nuclei in wide mass range’, needs a deeper understanding of coupling
mechanism.

4. Summary and conclusions

We have carried out precise measurements of the gamma-ray and conversion electron spec-
tra following the!?®*Sh decay. Precision of our data is established by comparing our results
with the IAEA-adopted international calibration standards and other similar ‘benchmark’
measurements. A revised level scheme'féiTe is constructed, based on summed energy
rules for various loops, incorporating 37 gamma transitions; the latter include 13 transi-
tions observed by us which are not listed in the adopted data set of the latest (1993) nuclear
data sheets. Only one gamma ray (146 keV) from the NDS-93 adopted set does not appear
in our measurements. The revised level scheme introduces three new levels at 402, 539 and
653 keV, with 10 (out of 13) new transitions connecting these levels with the earlier estab-
lished levels. The 539 keV level, corresponding toXhe 0 peak reported ifid, t) reaction
studies, is assigneld” = 1/2%. Taken together with an admissiblé = 3/2* assignment

for the 653 keV level and the other well-established levels, we now have the complete
hextuplet corresponding to thie; /o ® 2% )30+ 5/0+ and(ds 2 @ 2%)1 o+ 3/0+ 572+ 72+
quasiparticle—phonon coupled states. Our studies reveal THgee levels in12°Te in-
cluding the closely spaced duo at 636 keV and 642 keV, and the newly introduced level
at 402 keV. The latter is seen, in figure 4a, to fit smoothly in the level systematics of
the oddA Te isotopes. Theoretically, the IBFM description places the lowgat™ of

the ground band in this vicinity; thed/2+,7/2%,5/2%) trio of predicted levels matches

the observed spectra. The QPC calculations [33] also predict this trio of states, including
a low-lying 7/2%, well below thel/2* level; however, in these calculations, the whole
spectrum is shifted upwards possibly due to the inpuenergies. QPC calculations also
predict a large spacing between the tw@* levels. No theoretical description admits of

two very closely spaced/2™ levels. Understanding the structure of th@&g* levels in

125Te is thus a challenging open question. Another new feature revealed in our systemat-
ics study, which needs fresh theoretical inputs, is the relatively compressed positive parity
spectrum of:25Te. The low-lying negative parity/2~ and7/2~ levels are, on the other
hand, described as thié /2)3 and(hq /2)—5 structures respectively; alternatively, these
two levels may correspond to the anomalously descended ‘anti-aligned’ states:qf the
family. It is expected that the presently reported more extensive gamma ray and conver-
sion electron data and the revised low-energy level schené& g, taken together with

the results from reaction studies, provides a better data base for understanding the level
structures in transitional nuclei.
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